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1. Introduction
In TR 38.858, the impacts on SBFD requirements have been analyzed. RAN4 has identified which legacy requirements are still applicable, which legacy requirements are not applicable and which new requirements are needed. 
Following list the WID of SBFD for RAN4 RF objective:
	· Specify BS RF requirements for SBFD operation at gNB [RAN4]


In this contribution, we continue the RF requirements discussion based on the output of study item phase.
2. Discussion
2.1 WA gNB requirements
During the discussion of study phase, the feasibility is analyzed in terms of self-interference, co-site inter-sector and inter site cases. For all of above three cases, there is no conclusion of feasible or not for WA gNB. There is only description that for different assumptions and techniques adoption, some companies think its feasible but others think its not achievable or is challenging based on existing technology and technology roadmaps that are viewed as viable in the current time or foreseeable future. So one import issue is whether we need to define SBFD requirement for WA gNB.
From out point of view, the support of gNB class is declaration basis which means this WA gNB is not mandatory to support for all vendors. So at work phase, we can ignore the feasible or not feasible issue discussion and focus on RF requirement discussion. For certain requirement if companies still have concern or not sure about gNB’s implementation performance, we can leave them as declaration basis. And explicitly state into spec that the requirement only applies based on current technology and roadmap.
Proposal 1: it’s suggested to define WA gNB requirement for SBFD.
2.2  transient period
Following list the output at study item phase.
	For transmitter transient period between SBFD and non-SBFD or SBFD reconfigurations if needed, the requirement shall be introduced to BS in SBFD symbols/slots, by defining the transient period as the time period which the transmitter is changing from the SBFD operation to non-SBFD operation or vice versa, or during SBFD reconfigurations. 
Regarding the transition period requirement, RAN4 mainly focus on the transition period related with SBFD. Based on the RAN4 study, between the non-SBFD slot and SBFD slot and vice versa, a transition period is needed. If the SBFD configuration between adjacent SBFD slots is the same, then no transition period is needed.

	Maximum of two transition points including one transition point from non-SBFD symbols to SBFD symbols and one transition point from SBFD symbols to non-SBFD symbols within a TDD UL/DL pattern period can be considered as a starting point where the transition point can be aligned with slot boundary or within a slot. A guard period between SBFD and non-SBFD symbols may or may not be required at gNB and/or UE side depending on gNB/UE implementation and/or SBFD operation.


The main reason of this transient period is SBFD gNB may need some additional time to update the number of Tx/Rx units, the Tx power, the number of antenna element/panel, the spatial beamforming algorithm. This requirement is implementation basis and we can consider the worst case for final minimum RF requirements. For legacy gNB, the transient period is the time period during which the transmitter is changing from the transmitter OFF period to the transmitter ON period or vice versa. In theory the transient period for SBFD should not be larger than legacy ON-OFF transient period. Besides, the transient period between SBFD reconfiguration should not be larger than the transient period from SBFD to non-SBFD.
Observation 1: the transient period for SBFD should not be larger than legacy ON-OFF transient period. Besides, the transient period between SBFD reconfiguration should not be larger than the transient period from SBFD to non-SBFD.
2.3 Tx inter-modulation requirements
Following capture the study phase output of Tx inter-modulation requirement:
	For transmitter intermodulation requirement for SBFD-capable BS, it was concluded that further study is needed on the following aspects in the normative phase:
-	whether the transmitter intermodulation requirement is applicable in SBFD slots/symbols.
· -	the applicable co-location coupling loss assumption and the applicable receiver degradation for the transmitter intermodulation requirement, if transmitter intermodulation requirement is applicable in SBFD slots/symbols


For legacy conducted Tx IMD, the interference source is assumed 30dB MCL away from Tx unit. If we reuse this same 30dB MCL assumption for SBFD case, SBFD receiver may be blocked without additional interference avoidance solution, e.g. 46-30=19dBm. But during the study phase discussion, some companies still prefer 30dB as typical MCL assumption, if so, during the testing of Tx intermodulation requirements, receiver may be blocked which should be avoided. One alternative solution is to make Rx terminated during the testing. if so, this is much like the case of non-SBFD with no U configuration and legacy Tx IMD requirement is still applicable but during the testing the Rx should be terminated.
But from our deployment experience, typical MCL is much larger than 30dB, e.g. 50dB or even larger. 30dB MCL assumption is originally used in 2G era when gNB only has smaller antenna elements and 900MHz the lower frequency band is assumed as typical spectrum. But for SBFD, gNB would have larger antenna elements with better spatial isolation especially at the horizontal direction towards another gNB. And during SBFD self-interference analysis, typical spatial isolation for UMa, Umi are much larger than 30dB, e.g. 80dB. It seems at the beginning we can use the assumed spatial isolation range from TR 38.858 for SBFD self-interference analysis as the baseline and then down-select to find typical value for Tx intermodulation requirement.
Proposal 2: for the typical MCL for Tx IMD, at first, we can use the range of spatial isolation from all companies’ input in TR 38.858 for SBFD self-interference analysis and then down-select to final typical value for Tx inter-modulation requirement.
If larger MSD than 30dB is assumed, the Rx part may not be blocked. Instead, Rx degradation should be taken into consideration for Tx IMD testing. As starting point, we can use the same Rx degradation value for legacy blocking requirement, i.e. 6dB REFSENSE degradation. And further check whether this Rx degradation is feasible or not for SBFD gNB with better receiver linearity assumption.
Proposal 3: if larger than 30dB MCL is assumed for Tx IMD, the same degradation as legacy in-band blocking could be assumed as baseline i.e. 6dB REFSENSE degradation. and then further check the the feasibility with better SBFD receiver linearity assumption.  
2.4 ACLR and ACS requirements
Following capture the agreements from TR 38.858 for ACLR and ACS requirements:
	For ACLR requirement, it shall be defined outside of the whole carrier instead of sub-band for SBFD DL symbols/slots and ACLR requirement is still defined as the ratio of sum of TX power within the whole carrier to the adjacent carrier. 
-	ACS requirement and the interference level shall be determined by RAN4 co-existence study, and for the definition of ACS requirement:
· -	Conducted ACS: Take the existing wanted signal of ACS requirement by using the existing reference sensitivity level. 
· -	OTA ACS: The OTA sensitivity degradation shall be taken into account to determine the level of wanted signal and interference signal mean power.



For legacy NR network, ACLR and ACS applies for all inter-operator deployment scenarios, i.e. there is no limitation of grid shift between inter-operators. That’s the reason why there is no additional co-location ACLR and ACS requirements in NR spec. For SBFD network, adjacent-channel co-existence simulation only focus on not less than 10% grid shift values and 0% grid shift is avoided to avoid potential Rx blocking. But 0% grid shift is the worst case. So it seems co-location ACLR/ACS requirements or equivalent requirements are needed.
The same story as Tx IMD, if we still use 30dB co-location CLI assumption, adjacent channel co-location seems not feasible when BS-BS CLI occurs between networks using different SBFD configurations or when adjacent-channel network is NR. One alternation solution is still defining co-located requirements but with explicitly stating assumed spatial isolation. This additional ACLR/ACS or equivalent requirement is not the minimum requirements, instead, it’s declaration basis, not mandatory for all BSs and don’t need to reflect all BS’s performance. When BS can’t support this requirements, they don’t declare support of co-location.  
For example for ACS requirement, we can also define the input interference power level under the same REFSENSE degradation as legacy ACS requirements. But detailed interference power level could be larger. This requirement is based on gNB vendor’ declaration. 
Proposal 4: further discuss whether the co-location ACLR/ACS or equivalent requirement is needed or not.
2.5 in-channel adjacent sub-band leakage ratio
Following capture the agreements from TR 38.858 for in-channel adjacent subband leakage ratio requirements:
	For the potential new requirement of in-channel adjacent subband leakage ratio, it is concluded that further study is needed on the necessity of this requirement in normative phase.



When sub-band Tx leakage fall into Rx sub-band within the same carrier, this interference may contribute to REFSENSE level. Previous agreements are that further study if OTA sensitivity should be defined considering all of the scenarios including self-interference, inter-site interference and inter-sector interference. So this sub-band leakage requirements falling into the same carrier should be discussed together with OTA sensitivity requirements. 
Observation 2: This sub-band Tx leakage falling into the same carrier can be discussed together with OTA sensitivity requirements.  
When sub-band Tx leakage fall into adjacent carrier, this is something like ACLR. The similar definition methodology could be reused with assumed equal Tx bandwidth and Rx bandwidth. As stated in section 2.4, this general sub-band Tx leakage not applies for co-located case. 
Besides, we should also keep in mind that interference may still occur even with infinitely increased SBFD performance. For example when co-exist with legacy NR network, interference may still occur even with infinitely increased SBFD performance. But when co-exist with SBFD of different configuration, interference could be avoided by increased SBFD performance. So before defining sub-band Tx leakage when falling into adjacent carrier, we should identify the assumption of adjacent network performance, i.e. with legacy 3GPP requirement or with enhanced requirements.
Observation 3: RAN4 should at first identify the assumption of adjacent network performance for sub-band leakage requirement definition, i.e. whether inter-operator using adjacent carrier follow legacy 3GPP requirement or allow enhanced performance. 
2.6 in-channel adjacent sub-band selectivity or blocking
Last meeting agreement is listed as below:
	For the potential new requirements of in-channel adjacent subband blocking and selectivity, it is concluded that further study is needed on the necessity of this requirement in normative phase.


For legacy ACS and blocking requirements, the main difference are the interference signal level and interference signal position. For ACS, the interference signal is at first adjacent channel and interference signal power is calculated based on sensitivity desense and ACS value. For in-band blocking, the interference signal is at second adjacent channel and interference signal power is 9dB higher derived as 95% point on CDF of all gNB’s total input power level. So the ACS requirement and blocking requirement can’t replace each other.  
The same story of ACS and blocking also applies for sub-band case. We need both selectivity and blocking requirements. One is based on co-existence conclusion to meet 5% throughput loss and the other is with higher interference level with another sub-band frequency offset. 
Proposal 5: both sub-band selectivity and blocking requirements should be defined.
Regarding how to conclude sub-band selectivity and blocking requirements, the story is much similar as stated in section 2.3 for sub-band Tx leakage.
When Tx interference signal is within the same carrier, this sub-band selectivity may contribute to REFSENSE degradation. Previous agreements are that further study if OTA sensitivity should be defined considering all of the scenarios including self-interference, inter-site interference and inter-sector interference. Sub-band selectivity requirements when Tx interference is within the same carrier should be discussed together with OTA sensitivity requirements. If OTA sensitivity will consider encompass these sub-band interference, sub-band selectivity with Tx interference signal within carrier is not needed.
Observation 4: Sub-band selectivity requirements when Tx interference is within the same carrier can be discussed together with OTA sensitivity requirements. If OTA sensitivity will encompass these sub-band interference, sub-band selectivity with Tx interference signal within carrier is not needed.
When Tx interference signal is in adjacent carrier, the same as discussed in section 2.3 for sub-band Tx leakage.
Observation 5: RAN4 should at first identify the assumption of adjacent network performance for sub-band selectivity requirement definition, i.e. whether inter-operator using adjacent carrier follow 3GPP requirement or allow enhanced performance.
3. Conclusions
In this contribution, SBFD RF requirements are discussed with following observations and proposals.
Proposal 1: it’s suggested to define WA gNB requirement for SBFD.
Observation 1: the transient period for SBFD should not be larger than legacy ON-OFF transient period. Besides, the transient period between SBFD reconfiguration should not be larger than the transient period from SBFD to non-SBFD.
Proposal 2: for the typical MCL for Tx IMD, at first, we can use the range of spatial isolation from all companies’ input in TR 38.858 for SBFD self-interference analysis and then down-select to final typical value for Tx inter-modulation requirement.
Proposal 3: if larger than 30dB MCL is assumed for Tx IMD, the same degradation as legacy in-band blocking could be assumed as baseline i.e. 6dB REFSENSE degradation. and then further check the the feasibility with better SBFD receiver linearity assumption. 
Proposal 4: further discuss whether the co-location ACLR/ACS or equivalent requirement is needed or not.
Observation 2: This sub-band Tx leakage falling into the same carrier can be discussed together with OTA sensitivity requirements. 
Observation 3: RAN4 should at first identify the assumption of adjacent network performance for sub-band leakage requirement definition, i.e. whether inter-operator using adjacent carrier follow legacy 3GPP requirement or allow enhanced performance. 
Proposal 5: both sub-band selectivity and blocking requirements should be defined.
Observation 4: Sub-band selectivity requirements when Tx interference is within the same carrier can be discussed together with OTA sensitivity requirements. If OTA sensitivity will encompass these sub-band interference, sub-band selectivity with Tx interference signal within carrier is not needed.
Observation 5: RAN4 should at first identify the assumption of adjacent network performance for sub-band selectivity requirement definition, i.e. whether inter-operator using adjacent carrier follow 3GPP requirement or allow enhanced performance.
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